Objective: the aim of the present study was to carry out pharmacognostic and physicochemical analysis of Terminalia arjuna (ta) (roxb.) Wight and arn. (Family; Combretaceae) leaf. Materials and Methods: the present study deals with pharmacognostic characters as identification parameters of the leaves which were subjected to macro and microscopic studies. Phyto-physicochemical studies were done using WHO recommended parameters, and fluorescent behavior of the leaf sample was also tested. Results: the microscopy study revealed the presence of anomocytic stomata, trichome, xylem fibers, calcium oxalate crystals, vascular bundles, etc. Macroscopic study showed alternate thickcoriaceous base obtuse-subcordate while margin was crenate-serrate, obtuse or sub-acute at apex. Physiochemical parameters such as ash values, loss on drying, extractive values, fluorescence analysis were also determined. Preliminary phytochemical screening showed the presence of alkaloids, flavonoids, tannins, triterpenes, cardiac glycosides and saponins. Conclusion: the microscopic and physiochemical analysis of the T. arjuna leaf is useful in standardization for quality, purity, and sample identification.
INTRODUCTION
The Indian traditional system of medicine namely Ayurveda and Siddha are primarily plant based systems. The use of plants as medicines is dated back to early man. They constitute an effective source of traditional and modern medicines and play an important role in health care programs, 1,2 therefore, it becomes extremely important to make an effort toward standardization of the plant material as medicine. The process of standardization can be achieved by stepwise pharmacognostic studies. Pharmacognosy is an essential measure of authentication and quality. Macroscopical and microscopical studies are simplest and cheapest methods to start with, to establish the correct identification of the source materials. 3 Terminalia arjuna (TA) Wight and Arn. is distributed throughout the greater part of India. The plant TA has a long history of medicinal uses primarily in the preparation of ayurvedic formulations for over three centuries. 4 Leaf has been reported for anti-cancer activity, 5 antihyperglycemic activity, 6 analgesic and antiinflammatory, 7 antifungal and antibacterial activity. 8 The bark of the plant also possesses hypocholesterolanic effects, 9 antiherpes simplex virus Type 2, 10 useful drug for cardiovascular disorders 11 like coronary risk factors, 12 myocardial necrosis, 13 polyphenols that includes flavonols, flavones and phenyl propanoids are also useful in curing cancer.
14 Phytochemical investigations of the plant revealed the presence of many bioactive compounds like arjunolic acid, 15, 16 arjunic acid, 17 arjunoglycoside, 18 ellagic acid,
19
arjunetoside. 20 However, no systematic study was carried out on this plant leaves. Hence, the objective of the present work was to evaluate various pharmacognostic properties including macro and microscopic and physicochemical characterization of the leaves of the TA.
MATERIALS AND METHODS

Plant collection
The leaves of TA Wight and Arn. (Combretaceae) were collected from Rajkot, Gujarat, India in December, 2012. They were separated, washed thoroughly with tap water and distilled water. They were shade-dried, uniformly powdered and packed in air tight bottles.
Pharmacognosy and phytocochemical study of TA
Macroscopic study
An organoleptic and external morphological character of freshly collected leaves was observed under magnifying lens. 21 
Microscopic study
Microscopic studies were done by preparing a thin hand section of leaf. Free hand cross transverse sections of leaf were taken and stained with safranine to confirm its lignifications. Coarse powder was used to study microscopical characters of leaf powder.
Fluorescence analysis
Fluorescence study of leaf powder was performed as per reported procedure. 22 A small quantity of the powder was placed on a grease free clean microscopic slide, and 1-2 drops of the freshly prepared reagent solution were added, mixed by gentle tilting the slide and waited for 1-2 min. Then the slide was kept inside the ultraviolet (UV) cabinet and observed in visible light, short (254 nm), and long (365 nm) ultraviolet radiations.
Physicochemical study
In this study, air-dried leaf powder was used for determination of physicochemical parameters like total ash, water soluble ash, acid insoluble ash and extractive value, solubility, etc., were determined as per WHO guidelines. 23 
Statistical analysis
All experiments were repeated at least three times. Results are reported as mean ± standard error of the mean.
RESULTS
Macroscopic characteristics
TA leaves were 15-25 cm in length and 6-7.5 cm in width. The leaves were simple, alternate thick-coriaceous, base obtuse-subcordate. Margin was crenate-serrate, apex obtuse or sub-acute, pale green above, pale brown beneath; shallowly crenate-serrate, petiole was 0.6-0.9 cm long. Oil gland was observed at abaxial side of the leaf near petiole (Figure 1 ).
Microscopic characteristics
Leaf microscopic
Transverse section of leaf passing through midrib showed a single layer of the epidermis on both surface and was covered with cuticle. Upper and lower epidermis bears unicellular glandular and non-glandular trichomes. Abundant cluster crystals of calcium oxalate were present in parenchymatous tissue. In the midrib region, several layers of thick walled collenchymatous and thin walled parenchymatous tissues surround the central vascular bundle which is open, bicollateral type. Xylem was lignified while phloem was nonlignified (Figures 2 and 3) .
Powder microscopic study
Leaf
The leaf powder was greenish in color, cluster crystals, rosette crystals, and square-shaped calcium oxalate crystals were present; trichomes with unicellular covering were present, anomocytic stomata were present (Figure 4 ).
Physicochemical analysis
Physicochemical parameters of powder of TA leaf are shown in Table 1 . Studies of physicochemical constants can serve as a valuable source of information and are usually used in judging the purity and quality of drug. The moisture content of dry powder of leaves was 7.05% which seems to be lower than that necessary to support the growth of microbes such as bacteria, fungal, and yeast to bring any change in the composition of the drugs. In physicochemical parameters, ash value was determined in three forms such as total ash, water soluble ash, and acid insoluble ash. The total ash was 10.15% while water soluble ash and acid insoluble ash was 1.5% and 0.5%, respectively ( Table 2 ).
The extractive values give an idea about chemical constitution of drug. The extractive value of TA leaf is shown in Table 2 . The maximum extractive value was in methanol solvent and minimum was in petroleum ether. The methanol extract of TA leaf was evaluated for its solubility in 10 solvents with varied polarities ( Table 3) .
Phytochemical analysis
The results of qualitative phytochemical analysis of the crude powder of TA leaf are shown in Table 4 . Table 1 .
DISCUSSION
The standardization of a crude drug is an integral part for establishing its correct identity. Before any crude drug can be included in an herbal pharmacopeia, pharmacognostic parameters, and standards must be established. The morphological characters of leaf can serve as diagnostic parameters. 24 Microscopic evaluation is one of the simplest and cheapest methods for establishing the correct identification of the source of the materials. 25 Total ash values and extractive values are useful in identification and authentication of the plant material. 26, 27 Ash values of drug give an idea of earthy matter or the inorganic composition and other impurities present along with drug. 28, 29 Extractive values are useful to evaluate the chemical constituents of crude drug.
29
Some of the diagnostic features of the leaf drug noted from the microscopical study are anomocytic stomata, trichome; maximum extractive value was in methanol. Preliminary phytochemical study showed that the presence of flavonoids, triterpenes, tannins, and cardiac glycosides. The details of pharmacognostic characters, various evaluative parameters, results of preliminary and detailed phytochemical analysis established in the present study will facilitate in identifying the genuine drug and will also be useful in preparation of monographs of leaf of this plant. Fluorescence study of the leaf powder helps in the qualitative evaluation which can be used as a reference data for the identification of adulterations. Pharmacognostic studies on different plants like Polyalthia longifolia, 30 Cissus quadrangularis, 31 Woodfordia fruticosa, 32 Psidum guajava, 33 Mangifera indica, 34 Syzygium cumini 35 are also reported. In conclusion, this study could be used as a diagnostic tool for the standardization of this medicinal plant and will be helpful in the characterization of the crude drug.
